Spontaneous regression of a primary testicular germ-cell tumour (GCT), over time known as 'Burned out', 'Shrinking Seminoma', 'pT0', 'Burnout' or 'Spontaneous Regression', is an uncommon, generally metastatic phenomenon, which may present elevated tumour markers and a suspicious testicular ultrasound image. The histological study of the testicle demonstrated morphological changes of complete or partial tumour regression and found fibrous scarring and other characteristic changes of this phenomenon, which in some cases include vestiges of GCT.
Introduction
Spontaneous tumour regression has been reported in various neoplasias [1, 2] . In testicular cancer, it is defined as a germ-cell tumour (GCT) that has completely or partially regressed, without any intervention, leaving a scar in the parenchyma with or without vestiges of GCT [3] . The etiopathogenesis of the regression is not defined and it is thought that less than 5% of all testicular GCTs undergo spontaneous regression [4] . It usually presents as metastatic disease and is manifested by symptoms secondary to it. It may have high tumour markers, depending on the histological lineage. Historically, many cases have been classified as primary extragonadal GCTs (EGCTs) but most subsequent studies found evidence of regression of a primary testicular [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] .
We present our experience and carry out a historical review of the literature.
Materials and methods

Sample
Clinical records of patients from the Urology Service of the Regional Institute of Neoplastic Diseases North, in Trujillo, Peru, were reviewed, from January 2010 to June 2018. We identified the cases with a diagnosis of testicular GCT regression and proceeded to collect the data in a digital card developed for this purpose.
Epidemiological and clinical study
We obtained data such as age, pathological history, time of illness, signs, symptoms and information from the physical examinations.
Imaging study and clinical laboratory
Imaging information obtained was confirmed by evaluating existing material in the Radiology services' records (ultrasound, x-rays, CT scans and others). Tumour marker data such as alpha fetoprotein (AFP), human chorionic gonadotrophin (HCG) and lactic dehydrogenase (LDH) were collected and correlated with the histological findings.
Management, evolution and current status of the disease
We collected data regarding the type of treatment (surgery, chemotherapy, radiotherapy and other), as far as primary, metastasis and/or recurrence. We reviewed the cytological and histological material, classifying it according to the World Health Organization's (WHO's) 2016 classification of testicular tumours and paratesticular tissue. This edition recognises GCT regression as an entity [4] .
Cytological and anatomopathological material
Results
Sample
In the review of the medical records, five [5] cases were identified with a diagnosis of primary testicular GCT regression, all metastatic with complete regression.
Case Report
Case 1
A 54-year-old patient without any significant history, with a 6-month disease time, characterised by weight loss, abdominal tumour and lumbar and abdominal pain. Upon physical examination, no peripheral adenopathies were found, a hard fixed mass was felt in the abdomen located in the mesogastrium and testicles with no notable particularities. On the CT scan of the chest, abdomen and pelvis (CT-CAP), a retroperitoneal 17 cm × 10 cm × 8 cm tumour was observed. It encompassed the abdominal aorta, collapsed the vena cava and projected to the iliac arteries; it was initially classified as lymphoma. A core percutaneous biopsy was performed and had inconclusive pathological results. As part of imaging studies, a scrotal ultrasound was requested and a 23 mm × 26 mm hypoechogenic nodule was found in the right testicle. The AFP and HCG tumour markers were found in normal parameters and the LDH in 2480UI. Radical orchiectomy was performed and fibrous scarring associated with histological changes of regression was found. He underwent exploratory laparotomy and subtotal resection of the retroperitoneal tumour with a cytological, histological and immunohistochemical study consistent with a seminoma-type GCT. He received chemotherapy (chemo) with complete tumour remission and tumour markers within normal values; during treatment, he developed deep vein thrombosis (DVT) in both lower extremities (LEs), which was managed medically. At the 60-month follow-up, he shows no evidence of disease.
Case 2
A 58-year-old patient with a 2-month disease time, characterised by bilateral lumbar pain, sensation of thermal rise, volume increase in LEs and weight loss. Physical examination revealed a left supraclavicular lymph node conglomerate of hard consistency, a mass in mesogastrium, hard edema in both legs and no other peripheral adenopathies. The abdomen and testicles were without any particular features. Supraclavicular, subclavian, mediastinal and retroperitoneal adenopathies were observed via CT-CAP, the latter being in a 15 cm × 13 cm × 9 cm conglomerate, which includes the great vessels, as well as thrombus in vena cava and iliac vessel. It was also initially classified as lymphoma. A fine-needle aspiration biopsy (FNAB) of the supraclavicular adenopathy was performed, revealing cytological features of a malignant round-cell neoplasm, likely seminoma. The scrotal ultrasound showed the right testicle with microcalcifications and an 8 mm × 7 mm hypoechogenic nodule. Tumour markers were AFP 4.5UI/l, HCG 8.02UI/L and LDH 3637UI/L. A radical orchiectomy was performed, with a histological report of the fibrous nodule and regression changes, among them germinal neoplasia in situ. A supraclavicular tumour www.ecancer.org ecancer 2018, 12:888 biopsy was performed with histological and immunohistochemical study consistent with seminoma-type GCT. The patient received chemo with complete tumour remission at the supraclavicular and mediastinal level; the remission was partial in the retroperitoneum, therefore, a positron emission tomography was performed, reporting para-aortic tissue of 35 mm, inactive residual appearance, which diminished in subsequent tests. At the 42-month follow-up, there is no evidence of active disease.
Case 3
A 23-year-old patient with a history of thoracic trauma and haemoptysis underwent a thoracic tomography, in which multiple nodules were observed in both pulmonary fields. Subsequently, he developed hemiplegia on the left; in the supplemental CT, a 48-mm hypodense image in the brain was found in the right fronto-parietal region; also in the retroperitoneum, a 11cm × 7 cm × 4cm ganglion conglomerate. Physical examination revealed no peripheral adenopathies, resistance to palpation in the abdomen at the level of mesogastrium and testicles without particular features. The scrotal ultrasound revealed a left testicle with multiple microcalcifications and a 9 mm × 8 mm heterogeneous, hypoechogenic nodule. The tumour markers were AFP 0.9UI/L, HCG 19609UI/L and LDH 561UI/L. Radical orchiectomy was performed with pathology that showed the testicle with fibrous scar associated with histological regression changes. The patient underwent a pulmonary nodule FNA with cytological study compatible with choriocarcinoma-type GCT. Due to brain metastasis, he received radiotherapy (RT) and started chemo. During the treatment, he presented seizures, anaemia and febrile neutropenia; the poor clinical response was observed in imaging studies (hepatic metastasis, increased dimensions of brain metastasis with perilesional haemorrhage) and in the tumour markers (AFP 3.73UI/L, HCG 214UI/L and LDH 734UI/L). Chemo was not completed due to complications and the patient died 7 months after the initial diagnosis with the evidence of disease progression.
Case 4
A 36-year-old patient with no relevant history, with a 7-month disease time characterised by left lumbar pain, abdominal mass, weight loss and increase in volume of the left leg. Upon physical examination, no peripheral adenopathies were found. In the abdomen, a hard and fixed mass was felt in the mesogastrium, testicles had no particularities and an increase in volume in the left leg. On the CT-TAP, a retroperitoneal tumour of 16 cm × 9 cm × 9 cm was observed, which includes the aorta and the cava. Doppler ultrasonography reported DVT in the iliac, femoral and popliteal veins of the left leg. On the scrotal ultrasound, a 30-mm hypoechoic nodule was found in the left testicle, associated with multiple microcalcifications. The tumour markers were AFP 0.69UI, HCG 0.44UI and LDH 1240UI. Radical orchiectomy was performed with pathology that reported parenchyma with a fibrous scar and tubular hyalinization. Percutaneous biopsy of the retroperitoneal tumour with histological and immunohistochemical exam was compatible with the seminoma-type GCT. Full chemo with partial remission of the disease and tumour markers were within normal parameters. The residual tissue has progressively decreased in volume. Currently, at 20 months of follow-up, there is no evidence of active disease.
Case 5
A 20-year-old patient without any significant history, with a 6-month disease time, characterised by weight loss, abdominal tumour and pain. Upon physical examination, no peripheral adenopathies were found, a hard fixed mass was felt in the abdomen located in the mesogastrium, testicles had no notable particularities. On the chest, abdomen and pelvis CT, a retroperitoneal tumour was observed predominantly in the left iliac region measuring 16 cm × 15 cm × 9 cm, which includes iliac vessels and left renal agenesis. Suspecting a metastatic GCT, a scrotal ultrasound was performed and found a 5 mm × 10 mm isoechogenic nodule in the left testicle. Tumour markers were 1745UI AFP, HCG 3705UI and LDH 2948UI. Radical orchiectomy was performed and fibrous scarring associated with histological changes of regression was found. A percutaneous biopsy of the retroperitoneal tumour was performed, with a cytological and histological report of mixed GCT (embryonal carcinoma, teratoma and yolk sac tumour). During the evolution of the disease, one of the complications presented was a bowel obstruction, resolved with sigmoidectomy and block retroperitoneal lymphadenectomy. Patient was currently in chemo with partial remission. www.ecancer.org ecancer 2018, 12:888
Epidemiological and clinical study
The cases presented between 20 and 58 years with an average age of 38 years. No significant data were found with regard to history. The average disease duration was 3.8 months (range 1-7 months), mainly characterised by abdominal and/or lumbar pain, weight loss and abdominal tumour in three cases and one supraclavicular tumour. On examination of testes, tumours were not felt on palpation in any patient. In two cases, the initial diagnosis was lymphoma Table 1 .
Imaging and laboratory study
The results of the imaging studies conducted are summarised in Table 2 . All five cases were metastatic, with retroperitoneal tumours larger than 10 cm; in four cases, the tumour encompassed the aorta, cava and/or iliac Figure 1 . Two had a diagnosis of DVT. As to tumour markers, in all cases, the LDH was high and, in the other two, HCG and AFP. 
Management, evolution and current status of the disease
The initial clinical suspicion in the first three cases was different from primary testicular metastatic GCT, therefore, the diagnostic workup included aspiration and/or surgical biopsies of retroperitoneal, supraclavicular and lung masses, respectively. Laboratory studies and images were supplemented with histological findings and radical orchiectomy was performed. In the last two cases, where GCT was suggested from the beginning, the pathology of the orchiectomy was consistent with tumour regression, having found evidence of germinal neoplasia in the study of the metastasis.
With the anatomopathological diagnosis of testicular tumour regression and metastatic staging, all patients received chemo and had favourable responses corroborated through imaging studies and MT, except for the third case, who also received RT due to brain metastasis and progressed to death (Table 3) .
Anatomopathological material
The existing material was reviewed and classified according to WHO classification of testicular tumours and paratesticular tissue (4).
In the testicle product of radical orchiectomy, macroscopically, all cases presented a whitish fibrous scar, located close to the to rete testis. The surrounding testicular parenchyma did not present significant alterations. For histological interpretation, we divide the testicles into two regions: the scar and the area adjacent to the scar (paracicatricial), whose characteristics are described in Figure 2 and shown in micrographs in Figure 3 . With regard to metastasis, four of these were evaluated initially with cytology, two with FNAB and two with intraoperative cytology. The results of these showed germ-tumour cytology, allowing identification of the types seminoma, choriocarcinoma and embryonal carcinoma. Subsequently, all cases were subjected to conventional histological and immunohistochemical study, corroborating diagnoses of germinal neoplasia; the latter presented teratoma and yolk sac tumour in addition to embryonal carcinoma. Table 4 presents the anatomopathological results in correlation with the tumour markers.
Staging
The five cases were classified as metastatic stage pT0, with findings of testicular tumour regression.
Literature review
Performing a search from January 2000 to June 2018, 159 cases were found in 57 articles. The cases arose between 17 and 67 years old with an average age of 35.96 years; only in nine cases (15.8%), cryptorchidism was reported as a precedent. 96.8% of the patients had metastatic disease and 71.7% had complete regression.
Likewise, the time frame of the review found that there is a discrete increased frequency of regression in the right testicle (47%) and the more common histological type is seminoma (50.8%). The publications by author's locations were as follows: Europe 22 (38.6%), Asia 18 (31.6%) and America 17 (29.8%). The summary of the data is presented in Tables 5 and 6 .
In the review conducted, there are some publications of cases reported as 'burned out', the same as the clinic and/or imaging studies and/ or laboratory are compatible with GCT; however, they were not considered because they do not have complete data, especially histological findings of the testicle.
Discussion
Over time, the 'phenomenon' of tumour regression has been described in different pathologies such as melanoma, breast cancer, lymphoma, renal carcinoma, among others [1, 2] . It is currently known that the process that keeps tumours alive does not only depend on their ability to multiply and block apoptosis, but there is also a close relationship with the immune environment in which the tumour develops, the so-called tumour microenvironment [4, [26] [27] [28] . There are not many publications on the regression of testicular GCTs; this entity has only recently been recognised in the last edition of the WHO's book on Tumours of the Urinary System and Male Genital Organs (2016), in the chapter on testicular tumours and paratesticular tissues [4] . It is considered that the first to describe this phenomenon was Prim in 1927; he reported the case of a 51-year-old patient who died with multivisceral and retroperitoneal lymph node metastasis, with 'chorionephiteliomatösen' histology and no known primary. At the autopsy, he found a scar on the right testicle and posed the question of whether it may have been the primary one and presented 'spontaneous healing' [29] . In 1954, Rather et al [30] reported six new cases and reviewed the bibliography, finding 18 additional cases. In the final histological analysis, they described testicles as seven having only one scar, nine having germ-cell tumours and eight having fibrosis, tubular and cystic structures, hemosiderin deposits and calcification. The characteristics of testicular tumour regression have been defined this way for over six decades, with a high approximation for existing approaches, same as have been identified in our sequence.
In 1955, Slater et al [31] reported a case where a patient with a retroperitoneal mass with 'seminoma and chorioepithelioma' histology. He underwent bilateral orchiectomy and a small, solid nodule in the left testicle was found, which the microscope identified as scarred teratoma, confirming that they were dealing with a 'burned out primary…'. This is likely the first publication to use this terminology to define tumour regression in germ cells. www.ecancer.org ecancer 2018, 12:888 In 1961, Azzopardi et al [32] published a series of 17 cases of young patients that passed away due to disseminated metastatic illnesses, eight with choriocarcinoma histology, five with embryonal carcinoma and four mixed. All of the testicle exams were normal but the pathology study found fibrous scarring in the majority of cases with haemotoxylin deposits in the seminiferous tubules, consistent with the burnt out phenomenon. In 1965, in a second publication on the subject, the same author presented a case that illustrated the pattern of regression in a testicular seminoma with viable metastasis. The author provides a comprehensive description of typical histological findings, as well as a comparison with choriocarcinoma [33] .
In 1970, Veragut et al [34] reported two cases of young patients with a diagnosis of retroperitoneal seminoma with no evidence of a primary.
In their discussion, they describe the 'necrobiosis phenomenon' as a means to explain the spontaneous involution of testicular tumours, indicating that it occurs more frequently in choriocarcinoma and is rare in seminoma.
In 1990 and 2000, two works were published, titled 'Shrinking Seminoma' and 'Shrinking Seminoma-Fact or Fiction?', describing volume reduction in the testicle with seminoma, where the mechanism is fundamentally ischemia-necrosis secondary to intermittent testicular torsion. Other possible causes also described were chronic inflammation and hormonal disorder. In the aforementioned phenomenon, depending on the stage at which it is diagnosed, a testicle 'shrunken' in size, with or without a residual tumour may be found, which is why in a patient with a retroperitoneal, mediastinal or other mass that also presents testicular shrinking, a GCT should be suspected [35, 36] . www.ecancer.org ecancer 2018, 12:888
Near the end of the 20th century, various publications report on probable EGCT, in which lesions were found at the testicular level, consistent with spontaneous regression, correlating to the primary [5] [6] [7] [8] [9] . According to different publications, 90% of EGCTs occur between ages 20 and 35 and represent less than 5% of total GCTs; most commonly found in the anterior mediastinum, followed by the retroperitoneum and rarely in the pineal gland, presacral region or in another organ [7, 17, 20, 37, 38] . In general, every extragonadal tumour with GCT histology is considered a metastasis of hidden gonadal GCT until proven otherwise, with some authors even questioning the existence of EGCT [7] .
Although the mechanism behind primary tumour regression has not been determined, there are several hypotheses. The two main hypotheses are: those related to an immunological response mediated by cytotoxic T lymphocytes that recognise tumour antigens and destroy malignant neoplastic cells, with subsequent fibrosis replacement; and those related to an ischemic response in the neoplasia, secondary to the blood supply deficit due to high metabolic rates and/or intermittent testicular torsion (Shrinking Seminoma). Another hypothesis indicates that when seminomas become metastatic, the organism produces antibodies that attack the metastasis, as well as the primary testicular tumour, which shrinks and may even be destroyed, leaving only traces. This foundation refers to the immunological theory of regression [26, [39] [40] [41] [42] [43] .
Clinical manifestations generally depend on the metastatic disease [44] [45] [46] [47] [48] [49] [50] [51] [52] ; only a few non-metastatic cases were diagnosed with signs and local symptoms such as pain in the scrotal sack, testicular shrinking and infertility studies. [26, 36, 43, 53, 54] . In accordance with the histology review performed, the most frequent symptoms were lumbar, abdominal and abdominal mass pain, very similar to the findings in our series, in addition to reports of weight loss. During the clinical evaluation of our case series, the first two patients were initially listed as having the lymphoproliferative syndrome and the third as having pulmonary metastasis of unknown origin. In various revised reports, due to various symptoms, the diagnostic work was also directed to pathology different from that of GCT [10-12, 14, 21, 24, 44, 54-57] .
Examination of the scrotal sacs through palpation is insufficient to exclude testicular tumours. The findings depend on the size of the tumour, its relation to the size of the testicle, the placement, consistency and/or associated pathologies, such as hydrocele, cysts or others [7, 26, 28, 56, 58] . In our casuistry, the physical exam found no testicular tumours, supplemented with ultrasound.
The sensitivity of the testicular ultrasound for diagnosing GCT is close to 100%, so all young patients with a retroperitoneal or mediastinal mass should undergo this test. The characteristics of testicular tumour regression are not specific, as there have been findings of hyperechogenic, hypoechogenic and mixed lesions, nodular and linear areas, signs of testicular atrophy and/or acoustic shadowing reflecting calcifications or fibrosis [3, 26, 59, 60] . If the ultrasound results are inconclusive, scrotal magnetic resonance imaging (sMRI) can be useful in better defining these findings that are not necessarily malignant (infarction, ischemia, trauma or infection) [43, 59, 61] . Patel and Patel [53] reported that, when using the sMRI, a finding that suggests neoplasia is the appearance of a rapid higher height peak at the lesion.
In the collection of histological data, it was found that the ultrasound findings most frequently related to regression were hypo-and hyperechogenic lesions and microlithiasis. Another useful imaging test for metastatic lesion detection that is also essentially in the control and follow-up after chemotherapy is positron emission tomography, along with multislice tomography (PET/CT) through radiopharmaceutical administration of F18-FDG [24, 28, 37, 62] .
Tumour markers are fundamental to the diagnostic approach, staging, treatment and follow-up; they show up in varying forms depending on the histological lineage and the response to treatment. In our report, during the initial diagnostic, LDH was increased in all of the cases in relation to the metastasis and tumour burden, in two patients with HCG and in one with AFP [4, 5, 25, 38, 60] .
The five reported cases were metastatic and diagnosed using the cytohistological results of the lesions, which, in addition to the clinical findings, laboratory and imaging studies, allowed us to formulate the primary testicular diagnosis and to indicate the corresponding radical orchiectomy. In the various reports, the macroscopic description of the testicles showing the partial or total tumour regression phenomenon, the presence of lesions that are hardened, whitened, fibrose, of scar aspect, in the form of nodules (singular or multiple), banded, linear or starred, is reported [3, 4, 7, 38, [63] [64] [65] . We found fibrosis scarring in every one of our cases. www.ecancer.org ecancer 2018, 12:888
Microscopically, our findings coincide with the WHO description defining the diagnostic criteria for testicular tumour regression, including inflammatory lymphoplasmacytic infiltrate (present in around 90% of cases), tubular hyalinization (around 70%), increase in vascularity (50%), hemosiderin (44%) and thick intratubular calcifications. The peripheral area was observed to have atrophy and sclerosis of the seminiferous tubules (100%), germinal cell malignancy in situ (approximately 50%), hyperplasia in Leydig cells (45%), intratubular microlitres (30%). The literature mentions intertubular calcifications and germinal neoplasia in situ as pathognomonic signs [3, 4, 38] .
It is known that all germinal tumours have the potential for regression; however, there is evidence in the literature that disagrees on the frequency of the histological subtypes that demonstrate this phenomenon. Historically, choriocarcinoma has been considered the most prone to regression, but recent reports, as well as ours, confirm that seminoma has the most common histology, with exception of the spermatocytic type, which is now a separate entity. The teratomas are classified as the histology group with the lowest probability of regression [3, 4, 8, 38, 66, 67] .
Various publications agree that chemotherapy is not completely effective for the testicles due to the haemato-testicular barrier and thus the necessity of surgical resection (orchiectomy) on the 'regressed' primary is essential and represents the cornerstone of the burned out definition, in addition to being the foundation for proper treatment. The management is, in general, similar to that for primary GCT testicles [6, 7, 56, 58, 59, [68] [69] [70] [71] .
For a large majority of patients, the diagnostic work was performed based on the symptomatology of the metastasis, not infrequently with an approach different to that of burned out GCT that shows the delay in proper diagnosis, the risk of complications due to time and progression of the disease, as well as procedures that some may have undergone. The incorrect extragonadal GCT diagnosis implies not treating the primary testicle, which may present partial regression, and, thus, in not responding to the systemic treatment and being maintained in a safe haven by the haemato-testicular barrier, it may become one of the most important factors determining recurrence and prognosis.
In our review of the literature, we found no conclusive publications on survival, the persistence of the disease or recurrence when compared to burned out GCT versus Gonadal and/or extragonadal GCT. In our case, the reported patients began a long-term follow-up protocol in order to carry out collaborative projects with other institutions in an attempt to answer the questions raised.
Conclusions
Throughout time, the evidence regarding the 'phenomenon' of testicular tumour regression has been described in various publications, which has allowed for its current definition as an entity with its own diagnostic criteria.
Etiopathogenesis is still not well defined, nor if the tumoural regression tumour itself has some value in the prognosis. What is well defined is the indication for treatment in accordance with GCT protocols.
'Burned out' GCTs are classified as metastatic or non-metastatic with complete or partial regression. The most frequent ones were metastatic with complete regression and the most common histological type was seminoma.
In all tumours with GCT clinical and/or histology, the primary testicular tumour should be ruled out before classifying it as an extragonadal GCT. 
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